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NHC(0)Z

(I)

wherein

R H or Ci^i alkoxy;

X = CH or N;

Y = NH,OorS;
Z = Ci_4 alkyl, Cam cycloalkyl. C2_3 alkenyl, NH* C^ alkytarrrino, or C1-4 alkoxyalkyl, with the proviso that Z may not

be CH3 when R=H, X=CH, and Y=NH and Z may not be CH3 when R=H, X=N and Y=NH and NHC(0)Z is in the para-

posrtion.
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Description

This application discloses novel N-phenylamides having 4-heterocydic substHuents. Thesecompounds have activity

as anticonvulsants, i.e. anticonvulsive agents, which provide relief for patients suffering from seizures, such as those

caused by epilepsy. The novel compounds of the invention also have melatonergic properties.

New anticonvulsants with greater selectivity and lower toxicity are desirable due to the incidence of unwanted side

effectsandthefailure ofmarketed anticonvulsantsto provide signfficant reliefforaboutone-third ofthepatientpopulation.

Certain benzirnkJazoles, e.g., 2-(substituted phertyQberrirrudazoles, have been shown to have sedative activity. I.

YOden et al. in J. Fac. Pharm. Gaa Univ..7F pp. 1 11-24 (1990) disclose compounds of formula A:

H

in which R may be CH3l OCH3, a. N02 or para-NHC(0)CH?. The preparation of the ortho- and meta-NHC(Q)CH3
compounds was described in Chemische Berichta 32. p. 1469 (1899) and Chemische Berichta 34. p. 2961 (1901)

respectively, however, no utility was tisclosed.

The preparation and use of N-[4-(1 mrridazoI4I5-blpynciirv2-yl)ph^Tyl] acetantide (B) as an intermediate has been
disclosed by Kutter et al in a German patent application (DE 2305339).

D. Lesieur et al disclosed, in U.S. patent 5,276.051 , certain arylethytamine derivatives that may be used to treat

melatonergic disorders and that have anxiolytic antipsychotic and analgesic properties. These compounds are of for-

mula C:

R2
I

AMCH^-N-R1 (O

in which Ar is indolyl-3-yl or another benzoheterocyclic group, is an acyl group and R2 is H or alkyl.

Among the compounds described by Lesieur et al is a compound of formula D:

R3Q

wherein R3 can be H or C,^ alkyl; Ft* can be Hand R5 can be substituted phenyl or phenyialkyl (containing a d_3 alkyl

group). However, the Lesieur reference does not suggest the novel anticonvulsant amides of the present invention.
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O. Axelsson et al disclosed, in European Patent Application (EP 0520200 A2), certain 1 -(substituted phenyi)-2-

(siijstituted amino) bertzimidazoles which may be used to block N-or L-type calcium channels in mammals and for the

treatment of central nervous system tisorders such as migraine and epilepsy. These compounds are of formula E:

10

15

(E)

20

but no phenyiamide moiety is described for E.

Applicants have discovered a novel series of anticonvrisant heterocyclic derivatives of N-phenylamides which con-

form to formula I:

NHC(0)Z

a)

30

wherein

R = HorCi^alkaxy;
35 X = CH or N;

Y = NH,OorS;
Z = Ci^ alkyl, C3-4 cycloalkyl, C2-3 alkenyl. NH* altyamino. or aJtaxyalkyl, with the proviso that Z may not

be CH3 when R=H, X=CH, and Y=NH and Z may not be CH3 when R=H, X=N and Y=NH and NHC{0)Z is in the para-

position.

40 Compounds of formula I. as well as pharmaceutically acceptable salts thereof, are described herein as useful in

compositions and methods for the anticonvulsive and melatonergtc uses. :

' The anticonvulsive agents of the invention have advantages over similar agents. They perform significantly better

in maximal electroshock (MES) tests than reference compounds, &g., phenobarbetal and valproic acid.

In anticonvulsant studies using pentylenetetrazol (PTZ)-induced seizure techniques, these compounds generally

45 improve length of survival or delay initial twitch or seizure responses.

Use of effective amounts of the novel compounds of the invention in compositions and methods eliciting anticon-

vulsive or melatonergic effects in mammals in need of such treatment is (fiscussed herein.

These and other advantages will become apparent after consideration of the specification and claims.

The anticonvulsant agents described herein conform to formula I or are pharmaceutically acceptable salts or

so hydrates thereof:

R „ .NHC(0)Z

55 tenor
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wherein

R = H or Ci^i alkoxy;

X = CHorN;
Y = NH,OorS;
2 = alkyl, cydoalkyl, C2-3 alkenyl, NH* aikylamino, or Ci_^ alkoxyaikyl, with the proviso that Z may not

be CH3 when R=H, X=CH. and Y=NH and Z may not be CH3 when R=H, X=N and Y=NH and NHC(0)Z is in the para-

posrtioa

R is generally H or alkoxy. It is preferably H or OCH3.
X may be CH or N, with CH preferred.

Y is generally NH, O or S. but is preferably NH or O, most preferably NH.
Z can be C1-4 alkyl, cydoalkyl, C2-3 alkenyl, NH* aikylamino, or alkoxyaikyl, with the proviso that

Z may not be CH3 when R=H, X=CH, and Y=NH and Z may not be CH3 when R=H, X =N and Y=NH and NHC{0)Z is

in the para position. Some preferred Z groups are C2-4 alkyl, alkyl amino and alkoxyaikyl groups, most pref-

erably C2H5. NHCH3 and CH2OCH3 groups.

In some preferred embodiments, NHC{0)Z is in the ortho or meta position of the phenyl group and Z is CH3.
In some preferred compounds, X is CH and Z is CH3. C2H5. NHCH3 or afeOCH*
In still another group of preferred compounds. R is H or OCKb and Z isOb or CH2OCH3.
By "alkenyl" is meant alkyl groups containing a carbon-carbon double bond. "62^3 alkenyf groups include CH=CH2,

CH=CH-CH3. and C^Chfe) = CH2.

The phrases "alkylamino" and "alkoxyaikyl" refer, respectively, to NH-alkyl and alkylene-Oalkyl groups, in which the
alkyl and alkylene moieties contain from 1 to 4 carbon atoms. Preferred groups include NHCH3 and CH^OCH*

Preferred compounds of formula I have the arrrido group in the ortho- or meta- position of the phenylalkyl moiety.

In highly preferred embodiments, conpounds of formula I have the amido group in the ortho- and meta position of

the phenyl ring, i.e. the NHC(0) Z group is in position 1 or 2 as shown here:

All substituents have the definitions given for formula I. as above.

These preferred embodiments include:

N-[2-(1 H^nzimidazol^phenyll-N'-methyl urea,

N-[2-{5-methaxy-1 H-benzimidazol-2-yl)phenyl] acetamide,

N-[2-(1 H-benzimdazol-2-yl)phenyl] propanamide,

N-[2-(benzthiazol-2-y0phenyl] acetamide,

N-[2-(benzoxazol-2-y0phenyQ acetamide,

^[2-{ben2o^azol-2-yl)pheny1>N
,

-methyl urea,

N-[2^1H4>en2irnidazol-2-yl)phenyO methoxyacetamide,

N-{2-(5-methoxy-1 H-benzimidazol-2-yl)ph©nyl] methoxyacetamide,

N42^5^ethcocybenzcDcazc4-2-yOp urea,

l^[2-(5-methoKybenzoxazo»-2-yl)phenyl] acetamide,

l^[2-(5-methOKybenzthiazol-2-y^en^ acetamide,

N-[2-{5-methoxy-1 H-benzimidazol-2-yQphenyq propanamide,

N-[2-<5-methoxy-1 H^enzimkJazol-2"yl)phenyl]-N
?

-methyl urea,

N-p-(1H-benzinradazol-2-yl)phenyll cyclopropane carboxamide,

N-f2-(5-methQxy-1 H-benzimidazol-2-yl)phenyl] cyclopropane, carboxamide,

N-[2-(1 H-benzimitool-2-yOphenyl^

N-[2-(5-methoxy«1 H-benzimidazol-2-yl)phenv^^

N-p-(5-methoxy-1 H-benzimktazol-2-yl)phenyl] acetamide,

N-p-(1mmkfe2o[4>5^]pyridin-2-y0phenyf] acetamide, and

N-PK5-metta>cy-1r+™^
Additionally, compounds of Formula I also encompass all pharmaceutical^ acceptable acid addition salts and/or

solvates, e.g. p hydrates, thereof. The present invention also encompasses stereoisomers as well as optical isomers,

e.g., mixtures of enantiomers as well as individual enantiomers and diastereomers, which arise as a consequence of
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structural asymmetry in certain compounds of Formula 1 . Separation of the individual isomers is accomplished by appli-

cation of carious methods which are well known to practitioners in the art

The pharmaceutical^ acceptable acid addition salts of the invention are those in which the counter-ion does not

contribute significantly to the toxicity or pharmacological equivalents of the bases of Formula I. They are generally pre-

ferred for medical usaga

In some instances, the salts have physical properties which make them more desirable for pharmaceutical formu-

lation such as solubility, lack of hygroscopity, compressfoQrty with respect to tablet formation and compatibility with other

ingredients with which the substance may be used for pharmaceutical purposes.

The salts are routinely made by admixture of a Formula I base with the selected acid, preferably by contact in solution

employing an excess of commonly used inert solvents) such as water, ether, benzene, methanol, ethanol, ethyl acetate

or acetonitrile. They may also be made by metathesis or treatment with an ion exchange resin under conditions in which

the anion of one salt of the substance of the Formula I substance is replaced by another anion under conditions which

allow for separation of the desired species. Such conditions include precipitation from solution, extraction into a solvent

and eiution from/retention on an ion exchange resin.

Pharmaceutically acceptable acids for the purposes of saltformation of the substances of Formula I include sulfuric,

phosphoric, hydrochloric, hydrobrorric, hydroiodic, citric, acetic, benzoic, cinnamic, mandefic, phosphoric nitric, mucic,

isethionic, palmitic, heptanotc and others.

The compounds of the invention can be prepared using the following reaction schemes or modifications thereof that

would be known to a skilled organic synthetic chemist These schemes are meant only to be illustrative

Scheme 1 : (Acylation of 2-{2-aminophenyi)-1 H-benzinrvdazoie)

FT C2-* alkyl, cycloalkyl, C2-3 alkenyl, lower aikoxyalkyl. or lower alkylamino.

Scheme 2: (Preparation of N-alkyl ureas):

R" = Ci_4 alkyl

5



Scheme 3 : (Benzcxazole Preparation)
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NH2 ^ _CHO
Cydohexane (^T^h"^^

1) "<5^0H ^^N02
"HjO ^^-OH N02

(v) (vi) (vii)

Ag20
CH2a,

2) (vii)
Room temp.03-p ^-00-0

/ K2C03,CH3CN |

OjN or HNC(0)R"
(viii)

.

f'NCO (jx)
Toluene

R~ Ci_4 alkyl, or Ci_* alkytamino

Scheme 4 (BenzthiazoJe Preparation):

NH2 ^^COjH DPPA,A

SH ^"-NH,
2 2)R"COCl

K
2
C0^ CH,CN HNC(0)R"

(x) W) (xii)

PPA = polyphosphoric acid

In the compound of Example 13, made using Scheme 4, FT is CH3.

6
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Schemes (ImWazopyridine):

CC^H

1)PPA,A

N. 2)Acetyl

10 chloride h NHCOCH,

75

20

The compound of Example 14 was made using Scheme 5.

Scheme 6 (5^ethaxybenzimidazoles):

CO^H

A H 0*N

30
OcvO (xvii) (xviii)

H2>PtC>2
<^V?V lV/==\

R""COC1

2 ^ H»N CH^CN H

(xix) (xx)
°

40

Typical FT" groups are alkyl and alkoxyalkyi groups, such as CH3 , C2H5, CH£>CH3l N-alkylamino, and
the like.

The compounds of the invention may be administered to patients in need of anti-convulsive treatment in a variety

45 of ways. Thus, oral, transdermal, subcutaneous, intravenous, intramuscular, rectal, buccal, intranasal and ocular routes

can be used. Oral administration if preferred.

One or more of thecompoundsof the invention, ora salt thereof, is mixed with pharmaceutical^ acceptable amounts
of one or more conventional pharmaceutical excipients to produce a formulation to be administered bythe desired route.

Generally, such formulations will contain one or several carriers or diluents. Useful carriers include solids, semi-solids

so and liquidswhich have misdbility, or other compatibility, with the active agent(s) so that they can deliver same to a patient

or host

Suitable carriers include lactose, dextrose, sucrose, sorbitol, mannitol, starches, gum acacia, calcium phosphate,

alginates, tragacanth, gelatin, calcium silicate, microcrystalline cellulose, poryvirrylpyrrolidone, cellulose, water, syrup,

methyl cellulose, methyl- and propyl-hydraxybenzoates. talc, magnesium stearate, mineral oil and the like. Mixtures are

55 operable.

Other useful excipients include lubricants, wetting agents, gellants, emulstfiers, preservatives, colorants, perfumes,

flavor enhancers, drying agents and the like. Mixtures can be employed.

7



EP0700906A1

Generally, compositions which include the compounds of the invention will contain from about 0.01 to about 10%
of active compound(s) and 99.99 to 90%, or other suitable amounts, of excipient(s). However, compositions containing

large amounts, ag., about 1% to about 95% by weight of active compound(s), are contemplated

The compositions are preferably formulated in a unitdosage form, each dosage containing from about5 to 500 mg,

more usually 25 to 300 mg, ofthe active ingredient. The term "unitdosage form" refers to physicallydiscrete units suitable

as unitarydosages forhuman subjects and other mammals, each containing a predetermined quantity of active material

calculated to produce the desired therapeutic effect, in association with the required pharmaceutical carrier.

The active compounds are effective overawide dosage range. For example, dosages perday will normally fall within

the ranged about 0.5 to 300 mg/kg, of body weight In the treatment of adult humans, the range of about 1 to 50 mg/kg,

in single or multiple doses, is preferred.

However, it will be understood that the amount of the compound actually administered, will be determined by a

physician in light of the relevant circumstances including the condition to be treated, the choice of compound to be
administered the chosen route of administration, the age, weight, and response of the individual patient the severity of

the patient's symptoms.

For treating epilepsy, a compound of Formula I may be employed as a daily dosage in the range of about 50 mg to

about 2000 mg, usually in 1 to 4 cfivided dosages, for an average adult human. A unit dosage would contain about 2.5

mg to about 500 mg of the active ingredient

In general, compounds of Formula I may be used in treating epilepsy in mammals, including humans, in a manner
similar to that used for phenytoin. Medical aspects of the treating of epilepsy are descrbed in greater detail by Ran and

Schleifer in Goodman and Gilman's The PharmacotoQical Basis of Therapeutics. 8th ed; Goodman Qlman, A.; Rail,

T.W.; Nies, AS.; Taylor, P.. Eds., Pergamon Press: New York. 1990; pp. 43*462.

SPECIFIC EMBODIMENTS

The following examples illustrate the preparation of various compounds of the invention and their effectiveness as
anticonvulsants and mefatonergics.

Melting pointswere taken in Kimax soft-glass capillary tubes using a Thomas-Hoover UnimeH capillary melting point

apparatus (Model 6406 K) and are uncorrected. Infrared spectra were recorded on a Perkin-Elmer 1800 Fourier Trans-

form infrared Spectrophotometer with peak positions given in reciprocal centimeters (cm"1
).

1H NMR spectra were

obtained on a Bruker AC-300 NMR spectrometer equipped with a computer-switchable 5.0 mm 1 H/13Q probe. Chemical

shifts are reported in parts per million (6) downfieW from tetrarnethytsflane. 1H NMR coupling constants (J values) are

listed in Hertz (Hz) and spin multiplicities are reported as singlet (s), doublet (d), triplet (t). quartet (q), multplet (m)

and/or broad (b). Discharge chemical ionization (DC!) mass spectraldata were acquired on a Finnegan 4500 quadrapole

mass spectrometer equipped with a Vacumetrics discharge chemical ionization probe using isobutane reagent gas at

0.3 Torr source pressure. Microanalyses were acquired through the Analytical Department of The Bristol-Myers Squibb

Company, WaHingford, CT. Analytical thin-layer chromatography (TLC) was performed on 0.25 mm EM silica gel 60F-

254 coated glass plates and preparative flash chromatographywas performed on EM silica gel (32-62 mm). The solvent

systems used are reported in each experimental. All reaction, extraction and chromatography solvents were reagent

grade and used withoutfurther purification except tetrahydrofuran (THF) whichwas distilled from sodiunVbenzophenone

ketyl. All non-aqueous reactionswere carried out inflame-dried glassware undera nitrogen atmosphere. All commercially

available reagents were used without further purification.

Unless otherwise noted, all percentages recited herein are weight percents, based on total composition weight.

A. Synthesis

Example 1 : N^1H4}epzimidflzQ|-g-yl)phenyn propanamkje. To a solution/suspension of 2-(2-aminophenyQ ben-

zimidazole (5.0 g, 23.0 mmol), potassium carbonate (9.5 g, 69.0 mmol) in acetomtriie (300 mL) at 0 °C was added

propionyl chloride (2.3 g. 23.0 mmol). The reaction mixture was allowed to warm to room temperature, stir overnight,

followed by filtration to remove the white solid. This was washed thoroughly with acetomtriie. The acetonrtrile was con-

centrated in vacuo, the residue extracted into methylene chloride, washed with potassium carbonate (saturated solution)

and the organic layerwas dried over anhydrous magnesium sulfate. The methylene chloride was removed in vacuo and

the resulting solid was recrystallized from methanol, m.p >200°C.iHNMR(300MHz, DMSO-de)& 13.14 (bs. 1H), 13.00

(s, 1 H), 8.70 (d, J=8.4 Hz. 1H), 8.10 (d, J=8.0 Hz, 1H). 7.71 (d, J=7.2 Hz. 1H). 7.57 (d. J=8.3 Hz, 1H), 7.46 (t, J=8.0 Hz,

1H), 7.31-7.20 (m, 3H), 2.53 (q, J=7.5 Hz, 2H), 1.23 (t J=7.5 Hz, 3H); 13C NMR (75 MHz, DMSO-de) 6 172.2, 150.9.

172.1. 138.4, 133.4. 130.7, 127.3, 123.5, 122.7, 122.3, 119.8, 118.6, 115.2, 111.5,31.1.9.6; IR(KBr)3262, 1662 cnn;
MS (DCI) m/e MH*= 266; Analysis calc'd for CieHffNjOiAMH^: C, 70.53; H, 5.64; N, 15.37; H2P1, 2.40; found: C,

70.52; H, 5.84; N, 15.42; H2P1, 2.64.

The acylation technique of Example 1 is referred to as "General Procedure A" hereinafter.

8
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Example 2: N-f2-foenzimidazol-2-yl)phenvn methoxvacetamide. Preparation was carried out according to Scheme
1 and General Procedure A using 2-(2-amiJX)pheny0benzimidazole and methcxyacetyl chloride. Purification was
achieved by recrystailization from methand

( m.p.229^1°CJHNMR(300MHz.DMSO-d6)613.48(si 1H), 13.11 (bs,

1H), 8.80 (dd. J=9. 1.5 Hz. 1H), 8.10 (dd, J=1.5. 9 Hz. 1H) ( 7.63 (bm. 2H), 7.48 (dt. J=1.5, 6 Hz. 1H). 7.28 (m. 3H), 4.09
(s, 2H) ( 3.55 (s, 3H); 13C NMR (75 MHz. DMSO-de) 6 169.26, 150.55, 137.58. 130.58, 127.43, 123.20, 122.81. 120.09.

116.10. 7252. 59.34, two carbons obscured; IR (KBr) 3300-2600, 1650. 1550. 1125. 740 ami; MS (DCI) m/e MH*=
282; Analysis caltfd for C16H15N302: C. 68.31 ; H, 5.37; N. 14.94; found: C, 68.52; H, 5.46; N, 14.96.

Some additional examples made according to Scheme 1 using General Procedure A are shown below in Table 1

.

Table 1

Ex. R # Yield(%) m.p. °c
3 n-propyl 28 214-216
4 cyciopropyl 14 235-236

!
5 i-propyl 13 202

i
6 cyclobutyl 31 >210 i

7 vinyl 33 >225
8 CH=CHCH3 3 >225
9 CH(CH3)=CH2 64 221-223

Example 10: N-f2-(benzimidazol-2>yl)phenvn"N
,

-methy< urea. This example illustrates Scheme 2. To a solution of

2-(2^inopheny0benzirrodazole (5.0 g, 23.9 mmol) in toluene (300 mL) was added methyl isocyanate (1 .5 mL, 26.0

mmoO; the reaction mixture was allowed to stir overnight. The toluene was removed in vacuo to yield a yellow oil This

was purified by column chromatography using silica gel (20:1) in5% MeOH/CHzCfe The productwas isolated as a white
solid (4.6 g, 72% yield), m.p. >220°C. 1H NMR (300 MHz. DMSOde) 5 12.9 (bs, 1H), 11.9 (s. 1H). 8.50 (d, J=8.4 Hz,

1H), 8.00 (d. J=7.9 Hz, 1H). 7.66 (s, 2H), 7.38 (t, J=8 Hz, 1 H), 7.28-7.24 (m, 2H). 7.07 (t. J=7.4 Hz, 2H). 2.74 (d, J-3.5
Hz, 3H); 13C NMR (75 MHz. DMSO-de) & 155.80. 151.3. 140.3, 130.3, 127.1, 122.5, 120.4, 119.3. 114.1, 26.6, five

carbons obscured; IR (KBr) 3344, 1672 cnO ; MS (DCI) m/e MH*= 267; Analysis calc'd for Ci5H14N401 : C, 67.65; H.

5.30; N, 21.04; found: C, 67.59; H, 5.24; N, 21.07.

Example 11: N-T2-(benzoxazol-2-vnDhenvf1 ~acetamide. The compound was prepared in a muftistep synthesis

employing Scheme 3. as described: A suspension of 2-aminophenol (5.6 g, 45.81 mmol) and 2-nitrobenzaldehyde (6.92

g, 45.81 mmol) in cydohexane (200 mL) was heated to reflux using a Dean-Stark apparatus to remove water for 5 h.

The reaction mixture was concentrated in vacuo to yield bright yeDow crystals of the corresponding imine (10.71 g, 97%
yield). To a solution of this imine (7.88 g, 32.56 mmol) in CH2CI2 (200 mL) was added Ag^O (9.05 g, 39.07 mmol) and
the reaction mixture was allowed to stir at RT overnight The solvent was removed in vacuo to yield a solid shown to be
the 2-(2-nitrcphenyl) benzoxazole. This productwas then suspended in ethanol (200 mL) with Pt02 (0.3 g) and charged
with H2 (60 psi). The reaction mixture was allowed to shake on a Parr apparatus for 3 h. This was filtered through cefite

and the ffltrate was removed in vacuo to yield a yellow solid. 1 H NMR showed this to be the desired 2-(2-aminophenyl)

benzoxazole, 3.85 g. This was acetylated according to General Procedure A and purified by recrystailization from
cyclohexane/ethyl acetate, mp. 125-128°C; 1HNMR (300 MHz, DMSO-de) 6 11.48 (s, 1H), 8.54 (d, J=9 Hz. 1H), 8.13

(dd, 0=1.5, 9 Hz, 1H). 7.80-7.75 (m, 2H), 7.57 (m, 1H) t 7.45 (m, 2H), 7.25 (t J=9 Hz. 1H). 2.23 (s. 3H); 13C NMR (75
MHz. DMSO-de) 8 168.79, 161.46, 148.92, 140.39. 138.59, 132.89. 128.62, 126.18. 125.28, 123.37, 120.29. 119.83,

113.05, 111.07. 25.15; IR (KBr) 3270. 1685, 1540, 1240, 750 cnrTi; MS (DCI) m/e MH*= 253; Analysis calc'd for

CisHizNjzO* C, 71.42; H, 4.79; N. 11.10; found: C, 7154; H, 5.14; N, 10.76.

Example 12: ^fZ-nbenzmaznl-g-ynphenvn-N'^nethvl urea. Thiswasprepared actxxnting tn f^hpma a Tn a gnli itinn

of 2-(2^amino)phenyl benzoxazole (1 .6 g, 7.6 mmol) (preparationdescrfoed in Example 12)was added methyl isocyanate

9
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(0.47 g, 8.31 mmol) in toluene. The reaction mixture was heated to a gentle reflux overnight The solution was cooled

and a white solid precipitated. This was collected by filtration, recrystallized from aretonrtrile/nriethanol. dried in vacuo
to give 0.132 g of a white solid, (7% yield), mp. 226-227°C. 1H NMR (300 MHz, DMSO-cfe) 6 10.96 (bs, 1H), 8.48 (d,

J= 9 Hz, 1H), 8.09 (d. J=6 Hz, 1H). 7.78 (m. 2H), 7.45 (m. 3H), 7.35 (bs, 1H). 7.08 (t, J= 6 Hz. 1H). 2.71 (bs, 3H); 13C
5 NMR (75 MHz, DMSO-de) 6 161.6, 155.3, 148.7, 140.7. 132.5, 128.1, 125.8. 125.0, 120.76, 119.5, 119.1. 110.91; IR

(KBr) 3300. 1665. 1550, 1250, 750 con ; MS (DO) m/e MH* = 268; Analysis calc'd for CisHuNsdz: C. 67.41 ; H, 4.90;

N, 15.72; found: C, 67.39; H, 4.85; N, 15.74.

Example 13: N-f2-fl)enzthiazol-2-vnDhenvn acetamtde. This compound was prepared by multistep synthesis using
Scheme 4 as follows: A paste of 2-aminothiophenol (2.0 g, 15.97 mmol) in polyphosphoric add was prepared, ortho-

10 Anthranrtic acid (2.91 g, 15.97 mmol) was added and the reaction mixture was heated at approximately 250°C under a
nitrogen atmosphere for 3 h. The reaction mixture was cooled to 1 75°C and poured into rapidly stirring water. The solid

which hadformedwas collected by filtration; itwaswashed with K2CO3 (sat'd soIYi), and dried in vacuo. *H NMR (DMSO-
de) and MS show the product to be the desired 2-(2-aminophenyl)benzthiazole. This material was acetylated according
to General ProcedureA and purified by recrystallization from cydohexane/ethyl acetate, mp. 124-125°C. 1H NMR (300

15 MHz, DMSO<J0) 6 11.83 (bs. 1H). 8.42 (d. J=8 Hz, 1H). 8.12 (m. 2H), 7.90 (dd. J=1. 12 Hz. 1H), 7.52 (m, 3H). 7.24 (t.

J=6 Hz. 1H), £19 (s, 3H); 13C NMR (75 MHz. DMSOde) 6 168.83. 167.46, 152.19. 137.29, 133.13, 131.82, 129.92,

126.80, 125.98, 123.82. 122.71, 122.05, 121.31, 119.99. 24.88; IR (KBr) 1690. 1540, 940, 740 cm"i; MS (DO) m/e
MH*= 269; Analysis calc'd for CisH^ASi: C, 67.14; H, 4.51; N, 10.44; found: C, 67.12; H, 4.73; N, 10.51.

Example 14: N-f3-(1 Wmidazof4.5^lPvridn-2-yl)pherr^ This compound was prepared according to

20 Scheme 5. The amino precursorwas prepared by heating 2,3-diaminopyridine (5.0 g, 45.8 mmol) and 3*mincbenzoic
acid (6.28 g, 45.8 mmol) in PPA. The reaction was stirred at 200 °C for 3 h and poured into water. The resulting solid

was collected by ffttration and recrystallized from ethanoJ to yieW 1 .0 g erf a beige solid which was shown to be the desired

compound by 1H NMR. Thiswas acetylated usingGeneral Procedure A. The final productwas purified by recrystallization

from methanol, m.p. >250 *C. 1H NMR (300 MHz, DMSO-de) 6 13.40 (s> 1H), 10.16 (s. 1H). 8.54 (bs. 1H), 8.30 (m, 1H),

25 7.99 (d. J=9 Hz, 1 H). 7.84 (d, J=9 Hz, 1H). 7.69 (d. J=9 Hz, 1H), 7.47 (t J=9 Hz. 1H). 7.22 (dd, J=6. 8 Hz. 1H), 2.08 (s,

3H);i3CNMR(75MHz, DMSO-de) 6 168.56, 152.71. 143.85, 139.92. 130.14. 129.38. 121.22. 121.08. 118.10, 117.55,

24.06. three carbons obscured; IR (KBr) 3400. 3260. 1635, 1550. 740 cm~"»; MS (DC!) m/e MH*= 253; Analysis calc'd

for CMH12N40i: C, 66.66; H. 4.79; N. 22.21 ; found: C, 66.49; H, 4.88; N, 21.85.

Example 15: N-f2-(5-methoxv-1 H-benzimio^zot-2^Dhenvn-acetaiTiide. Thiscompound was prepared via Scheme
30 6 in a multistep synthesis as follows: 4~methoxy-1 ,2-phenylene cfiamine dihydrochlonde (4.2 g, 30.43 mmol) was dis-

solved in NaOH (3AO and extracted with CH2CI2. The organic layer was dried over MgS04 and the solvent removed in

vacuo to yield an oil. 1H NMR showed the free base to be pure. To this was added nitrobenzene (100 mL), ortho-

nitrobenzakjehyde (1.09 g, 754 mmol) and the reaction was heated overnight The reaction mixture was cooled to FTT

and poured onto ethanoJic HO (7.2 M). EtzO was added and a red solid precipitated. The precipitatewas collected and
35 dissolved in methanol, charcoal was added and the mixture was filtered. The methanol was concentrated on a steam

bath and the product was allowed to precipitate as a beige solid. 1H NMR (DMSO-de) confirmed this to be 4-methoxy-
2-(2-nrtrophenyl) benzimidazole (3.89 g, 48% yield). This material (2.90 g, 12.1 mmol), along with PtOz (0.1 g) was
suspended in EtOH (150 mL) and charged with Hz (60 psi). The mixture was shaken for 1 h on a Parr hydrogenatkxi

apparatus; the mixture was fItered through a pad of ceiite and the solvent concentrated in vacuo to a yellow solid shown
40 to be 4-memoxy-2-{2-amirK)pheny0bena This was acetylated according to General Procedure A and purified

by recrystallization from methanol, rap. 212-213°C. *H NMR (300 MHz, DMSO^fc) 6 rrixhre of conformational isomers,

8.66 (d, J=9 Hz, 1 H), 8.05 (d, J=9 Hz, 1 H), 7.61 (d, J=9 Hz, 0.5H), 7-44 (m, 1 .5H), 758 (bs, 0.5H), 750 (t, J=7 Hz. 1 H),
7.01 (d,J=1.5Hz,0.5H), 6.86 (m, 1H), 3.81 (s. 3H), 2.22 and 225 (s, 3H); 13C NMR (75 MHz. DMSO-de) & (mixture of

coriformational isomers), 168.43, 156.69, 155.81, 150.90, 149.95, 142.90, 138.23, 138.01, 136.55, 13452, 130.35,

45 130.14, 127.81, 126.88, 122.64. 119.69. 119.25. 115.30, 113.46, 111.80. 100.87, 94.32, 55.48, 25.20; IR (KBr) 3300-

2600. 2750, 1635, 1545. 1270. 815cnTi; MS (DO) m/e MH*= 281 ; Analysis calc'd for C18H14N3O2* C, 68.56; H, 5.03;

N. 14.99; found: C, 6853; H, 5.42; N, 14.8.

Example 16: N-[2-{5-methoxv-1 H-benzimidazol-2-vnDherivn-memaxyacetamidft Using Scheme 6, 4-methoxy-2-(2-

amirwphenyl)benzimidazole was prepared as described in Example 3. This was acylated with methoxyacetyl chloride

so using General Procedure A. Solidwas recrystallized from hexanetethyl acetate to give a white soJkW). 100 g. (5% yield),

m.p. 200-201 °C. 1 H NMR (300 MHz, DMSO-de) 6 1 3.44 (bs, 1 H), 8.77 (dd. J= 1 .5, 9 Hz, 1 H), 8.51 (dd. J=1 .5, 9 Hz, 1 H),
7.52 (d, J=9 Hz, 1H), 7.44 (t. J=9 Hz. 1H). 7.25 (t J=9 Hz. 1H), 7.06 (d. J=2.4 Hz. 1), 6.88 (dd. J=2.4, 11.1, Hz. 1H),

4.08 (s, 2H), 3.78 (s, 3H), 3.54 (s, 3H); 1 3C NMR (75 MHz. DMSCkJe) 5 169.19, 156.27, 150.15. 13757. 130.14, 127.13.

123.16. 120.03, 1 16.40, 1 12.25. 96.79. 7254, 59.35. 55.50, three carbons obscured; IR (KBr) 3500-2500, 1670, 1550.
55 1300-1200. 1200-1100, 750cnTi;MS(DCI) m/eMH*= 312; Analysis calc'd for C17H17N3O2: C, 65.58; H, 5.50; N. 13.50;

found: C, 65.72; H, 5.66; N, 13.10.

10
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B, Biological Activity

The anticonvulsive properties ofthe compounds of the invention were evaluated using two standard animal models
of epilepsy: the maximal electroshock test (MES) and the pentylenetetrazol (PTZ)-induced seizure procedure. Melaton-

ergpc action is indicated by binding studies done in hamster hypothalamus tissua

1, Pentylenetetrazole - Induced Seizure Test

The PTZ technique employed was similar to that disclosed in P.C.T. publication WO 93/0572 (PCT7US92/07675).

published on AprO 1, 1993.

In the PTZ procedure, female C57B1/6 mice (17-26 g) were injected i.p (vol= 0.1 ml/20 g) with test compound or

vehicle 30 min before i.p. administration of 75 mg/kg pentylenetetrazol. Multiple doses of reference compounds (etho-

suximide, trimethadione, and pentobarbital) were tested at the peak of activity and at the dose range reported in the

literature. Ten micewere used per group. After injection, micewereplaced in individual observation cages and monitored

for one hour. During the first thirty minutes following PTZ injection, seizure activitywas recorded by measure: the latency

to the onset of pre-convulsive activity (Pre) the latency to the onset of the first clonic seizure longer than five seconds
(Hrst) the latency to the onset of the first intense-generalized doruc/tonic seizure (IGS) and the length of survival (Surv

Time). During the second thirty-minute period, only time of death was recorded.

Thosecompoundsthat produced a significantdelay in theonset ofseizure activity ordelayed (or abolished) mortality

when compared to that produced by vehicle (reference) were classified as anticonvulsants. Significant differences

between animals treated with reference or test compounds were determined using the Student's t-test

2, Maximum Electroshock Test

The MES procedure used is based upon the tests disclosed by Swinyard and et al in J. Pharmacol. Expt Ther..

(1952) 106. 319 and LA Woodbury et al in Arch. Int. Pharmocodvn. (1952V 92-97. These tests are also described in

U.S. patents 5,242,942 and 5,240,937, respectively.

In the MES procedure, a tonic seizure was produced in female C57BW6 mice (17-26 g) by the delivery of a 50
milliamps current through corneal electrodes for 0.2 sec. Before testing, the animals were allowed food and water ad
Iftxtum. Compoundswere injected ip. 30 min before the MES. Reference compounds (phenytoin, carbamazepine, phe-

nobarbetal, and valproic acid) were tested at the peak of activity and at the dose range reported in the literature. Seven
micewere used pergroup. In thistestanticonvulsive activitywas indicated bythe abolition ofthe hind limbtonic extension.
The median effectivedose (ED50) was obtained for each compound and compared to ED^'s of reference compound(s).

11
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The anticonvulsant properties of selected compounds of Formula I are shown in Table 2.

Table 2

Anticonvulsive Properties of Selected Formula 1 Compounds

MES" P7Z Anti-Convulsive Results

Ex. No. Results Pre Rrst Surv Time K3S Surv

1 +++

2 ++

10 ++ + ++ ++ ++++

++

12 + + +++ ++ + ++

13 +++

15 +
i

+ ++

Pre: latency to first twitch

First: latency to first seizure

Surv Time: duration of survival

IQS: onset of intense, generalized seizures

Surv: survival at one hour post-PTZ

MES: maximum electroshock

*50 mg/kg ip. For PTZ results: + »> 100% controls; ++<*>20O%
controls; +++ = > 300% controls; ++++ = > 400% controls

"For MES resufts: median effective dose (ED50): + = < 1 00 mg/kg;

++ = < 75 mg/kg; +++ = < 25 mg/kg

3. Measurement oi Melatoneraic Bincfina

Melatonin exerts its biological effects through specific receptors. Use of the biological active, radiolabeled agonist

p25g-2Hodomelatonin has led to the identification of high affinity melatonin receptors in a variety of species. In the

mammalian brain, autoradiographic studies have localized the distribution of melatonin receptors to a few specific struc-

tures. Although there are significant differences in melatonin receptor distribution even between closely related species,

the highest binding site density generally occurs in discrete nuclei of the hypothalamus. In humans, specific p25|}-2-

iodomelatonjn binding within the hypothalamus is completely localized to the suprachiasmatic nucleus, strongly sug-
gesting that the melatonin receptors are located within the human biological dock.

The following studies employ hamster hypothalamus tissue and 2-P»rjHodomelatonin in assays to determine the

meJatonergic binding of the compounds tested.

1) Reagents:

a) 50 mM Tris-HQ buffer pH 7.7 (20 C) using 10N NaOH
b) 10-4 M 6-Oiloronielatonin (diluted with 50% DMSO: 50% H2Q)

c) 2f 250'odomelatonin diluted to 0.1 nM final concentration

Source: NEN

Calculations: Correlation of stocK:

Specific Activity = 2200 O/mMol
Concentration = 236 mCtfml

Concentration of stock = (236 x 10~e Ci/mJ)/(2200 CiAnMol) = 107.3 nM
cpm/20ml

(conc-XMers/tube) = (1 x 10"* m/L) (20 x lO^L)
= 2x10"i4m

x by specific activity (2 x 1
0"" mM)(2200 Ci/ mMoQ

12
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= 4.4x1<T8Ci

xby decay factor (4.4 x 1<T*)(1 on day made)
= 4.4x10-8

x by dpnVCi constant (4.4 x 10"8)(2.22 x 10^ cfenVCi)

= 97680 dpm
= 73260 cpm

2) Tissue Preparation: Male Golden Syrian hamsters are decapitated, the brains are rapidly removed and chilled.

The hypothalamus is crudely dissected and frozen on dry ice with tissue stored at -80°C until assayed. Tissue is

weighed and thawed in 20 mis. ice cold Tris buffer (a) and homogenized by treatment with a pofytron for 1 0 seconds
at setting 17. Ice cold Tris (a) is added to a volume of 40 mis. The homogenate is centrifuged in a Sorvail-SS-34

head at 19.000 rpm (44,000 x g) for 10 min. at 4°C. The resulting supernatant is decanted and discarded. The pellet

is rehomogenized in an additional 20 mis of Tris-HCl, diluted and centrifuged as before. The supernatant isdecanted
and discarded. The resulting pellet is homogenized in 20 volumes of Tris-HCl per gram of original tissue (a 120
homogenate), chilled and held on ice until assayed

3) Experimental Design:

Tube# Buffer (a) 10"4 M6-Chloro

melatonin

BMS Compound 2-{125|}-

iodometetonin

Tissue Homoge-
nate (120)

Total Blank 1.2 20 ml 20 ml 160 ml
Unknowns:

3.4 20 ml •

5.6 20ml cone 1
m •

7.8 20ml cone. 1
f

4) Incubation: 0°C (ice bath) for 1 hour. Tissue homogenate is added last to assay tubes (which are already in ice

bath). 1 hour from addition of tissue 5 mis of cold buffer (a) are added to assay tubes and they are filtered using a
Hoefer single4ilter manifold. The filters are washed 2 x with 5 mis of buffer.

5) Activity: Compounds with an IC50 value less than 1000 nM are termed active.

For reference cf: Duncan, MJ.. Takahashi, J.S. and Dubocovich. M.L 2-f^lodomelatonin Binding Sites in Hamster
Brain Membranes: Pharmacological Characteristics and Regional Distribution.

13
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The melatonergic binding data for some selected compounds of Formula I are shown in Table 3.

Table 3

Melatonergic Binding of Selected Formula I Compounds

Ex.# IC50 (nM)* score

1 +

4 +

8 +

12 ++

13 ++

14 +

15 +++

16 ++++

*IGso(nM) is the nanomolar concentration giving emplace-

ment of 50% of radioactive label from melatonin binoing

sites in hamster hypothalamus tissue. Score: +=100-600

nM, +4=25-100 nM; +++=10-25 nM; 1 1 1

1

=<10 nM.

Reasonable variations, such as those which would occur to a skilled artisan, can be made herein without departing

from the scope of the invention.

Claims

1 . A compound of formula I or a pharmaceutical^ acceptable salt thereof:

NHC(0)Z

(I)

wherein

R H or Ci_4 alkoxy;

X^CHorN;
Y = NH,OorS;
Z = Ci^4 alkyl, C« cydoalkyl, C2_3 alkenyl, NH* C^ alkylamino, orC^ alkoxyalkyl, with the proviso that 2 may
not be CH3 when R=H, X=CH, and Y=NH and Z may not be CH3 when R=H, X=N and Y=NH and NHC(0)Z is in

the para- position.

2. The compound of claim 1 where X = CH.

3- The compound of claim 2 wherein Z = CH3 . C2H5. NHCH3, or CH2QCH3.

4. The compound of claim wherein Y=NH.

5. The compound of claim 1 wherein R = H or OCH3 .

6. The compound of claim 4 wherein Z = CH3 or CH2OCH3.

7. Thecompound of claim 1 selected from the group consisting of: N-g-{1 H^enzimklazd-2-y0pheny1>NrHnet^ urea;

N-[2-(5-methaxy-1 H-benzimidazol-2-y1)pheny!] acetamide; ^2Kbenzimidazol-2-yl)phe«iyO propanamide; N-[2-

{bermjxazol^-ylJphenyiJ-N^methyl urea ; N-(2-(1 H4>enzimida20l-2-yt)phenyl] methc^cetarrride; N-(2-(5-methoxy-

14
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1hfbenzimidazol-2-yi)phenyQ methoxy acetamide; N-[3-(1 HHmklazo[4l5-b]pyiidin-2-y0pheny1] acetamide; N-[2-

(1H-benzimidazol-2-y!)phenyf] cyclopropane carboxamide; N-[2-{1H4>enzimkiazol-2-yl)phen^

mide; r^[2-(benzimxjazol-2-yl)phenyl] propanamide; and N-[2Kbenzthiazol-2-yl)phenyf| acetamide.

5 8. An anticonvulsant pharmaceutical composition containing an anticonvulsive effective amount of a compound of

claim 7 and a suitable amount of a pharmaceutical^ acceptable carrier.

9. A mefatonergic pharmaceutical composition containing a melatonergic effective amount of a compound of claim 7

and a suitable amount of a pharmaceutical^ acceptable earner.

10

10. Use of a compound of claim 7 for manufacturing a medicament for eliciting an anticonvulsive effect in a mammal.

11. Use of a corrpound of claim 7 for manufacturing a medicament for eliciting a melatonergic effect in a mammal.

is 12. The compound of claim 7. N-[2-(1 H4>enzirrodazol-2-yf)phenyl]-N
,

-methyl urea.

13. The compound of claim 7, N-[2-(5-methQxy-1 H-benzimidazol-2-yf)pheriyr] acetamide.

14. The compound of claim 7, ^[2^enzimidazd-2-yf)prienyf]propananiida

20

15. The compound of claim 7, l\K2-(benztrtazol-2-yl)^

16. The compound of claim 7, ^[2-{benzaxazol-2-y0phenyQ-N'«^nethyl urea.

25 17. The compound of claim 7, N-[2-(1 H-benzimidazol-2-yQphenyl] methoxyacetamida

18. The compound of claim 7, N-[2-{5-methQxy-1 H-benzimidazol-2-yl)phenyl] methoxyacetamida

1 9. The compound of claim 7, N-[2-{benzoxazol-2-yl)phenyl] acetamide.

30
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